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DIAHOND DRILLING BLAST HOLES, EASTERN MAGNETITE "MINE BUL/ 
| By McHenry Moiser@/ 
8 © INTRODUCTION } 


This pacer is one of a series’ eo ccntiy:: undertaken by the.Mining Branch 
of the Bureau of Mines to describe current practice in diamond dri lling for 
croduction at various mines: throughout the United States and to discuss the 
relative nerits of this ae taod ecuper with drilling by percussion rock 


irills. 


The Bureau of Mines-.and. thé mining eeusar tee tnat are - cooperating with 
it in this investigation have the objective of developing information on 
diamond-drilling blast holes for tne benefit of all who are interested in 
the pessible STD EOVE REY: of. pine operations. : 


EISTORY OF “THE DISTRICT 


Production of ore hee in. 1858. ‘ ‘The. ore was hauled 2. 5 miles to a 
Charcoal furnace. Ten, ,years. later, a treatment plant using a direct process 
for making "steel" (probably. wrought iron) .was.built on the property of 

“dine B," which was 20 miles from the ‘rail head. During the following 20 
years this plant manufactured 10,000 tons of ."steel.™ Operations were 
terminated when fire destroyed the entire plant. The district remained 
idle until 1940, when a. magnetometer survey was run and exploration work 
vy diamond drilling was started. In 1941’, development began at "Mine B,* 
which was approaching. full production of 800 Lone tons of ore per day ‘A 
Avril 1946, ; be 


| esoLoct AND “ORE soar 


Magne tite ore occurs as disseminationa. ‘in gneisses having a wide range 
in composition and in highly me tanricrinosed , sediments. The wall rocks, which 
CCaprise granite, gneiss, and metamorphic sediments, have been intensely 
folded, and distorted. oe 3 . ess a. ede 


1/ The Bureau of ifines will welcome reorinting of this naper, provided the 
following footnote acknowledgment is used: "Renrinted from Bureau of 
Mines. Inf. Circ. 7401." 

e/ Chief, College Park Division, Mining Beane Bureau of liines, College 
Park Md. 
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The ore body has a length of 1,500 feet end a maximum width of 60 feet. 
The known depth, as indicated by diamond drilling to date is a feet along 
the dip, which is about: Ho, 7 


The ore when blasted breaks in blocks separated by slirs and seams 
carrying mica, hornblende, or ene These fractures lie in three princinval 
directions: ' ye ee a 


1. Parallel to the bedding in the metamorphic sediments. 
2. Normal to the bedding and parallel to the strike. 


3. Normal to the bedding and at an angle of 20° either side of the 
strike. | | 


“These factors present a serious hazard to men working in’ stopes, owing 
to frequent falls of ground. This danger has been eliminated by diamond 
drilling, because the drill operator works in a safe place. 


‘The weight factor of the ore in place is 8 cubic feet per long ton. 


MINING Mi&THOD 


"Mine B" uses the sublevel, open-stone method of mining, with haulage 
levels on 150-foot vertical intervals from a vertical shaft. 


Stopes measure 60 to 195 feet along the strike of the’ ore body. They 
are separated by transverse pillars either 15 or uo feet wide 


Two systems are employed for breaking ore in the stopes because of the 
variation in dip of the ore body. In one that is used when the dip is steep, 
vertical rings are drilled at 4-foot intervals along cach sublevel subsequent 
to the completion of a scraper drift from the tov of the haulage drift o> 
the belling of draw holes. (See fig. 1.) — 


Stopes are started with. percussion drills by o modified shrinkage method 
to enlarge the opening above’ the belled raises on the 30-foot sublevel only. 
Inclined raises are run on both footwall and hanging wall in the stove 
along the pillar. Vertical or inclined diamond-drill holes between these 
two raises are blasted to form a slot, into which the ore from ring drill- 
ing is blasted. Both hanging-wall and footwall drifts are: run on each 
sublevel. Ring drilling proceeds in each of these drifts. The depth of 
the diamond-drill holes ranges from 10 to 00 feet. Spacing at the bottom 
of the hole is 5 feet. Skimmer holes from each set-up on both hanging- 
wall and footwall drifts parallel the walls of the stopc, These holes, 
because of irregularities in the walls, insure breaking ell the ore. SBoot- 
legs present no problem, because radial holes from the hanging-wall set-up 
are drilled within 5 feet of the holes from the corresponding Povene on tne 
footwall. 
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The other system (the inclined-bench me thod ) ig-tised aiere-tne dip is 
flatter, whieh in scme instances is as low as 26°. The scraper drift is 
carried. nearly horizontal townrd the footwall and at the same time is widened 
to the full width of the slope. In the meantime, a moin manway raise along 
the footwal] is criven in the 4o-foot pillar between stoves. From this raise, 
at about 4O-foot intervals, short hqrizontal drifts are driven each way for 
ae twall entrances to the stopes. Also, at these same intervals, raises nor- 
71 to the dip are driven until they intersect the hanging well. Short. hori- 
cae ar are then driven from these raises alon,z the hanging wall until 
they reach the stope line. Simultaneously, a raise from the scraper drift 
at a point near the haulage drift is driven to the hanging wall and connects 
to the first manway entrance from pillar raise. Stowing begins by widening 
this raise with percussion drills tc form a slot, after which an inclined 
bench 10°fect wide is cut with ciamond drills. (See fig. 2.) Holes on a 
55° angle from the horizontal are drilled:in the floor. of the bench on l- 

foot intervals along a line 4 feet: fram the paeest of one stove. These 
holes ve a& naximum depth Of: 15 feet. : 3 


The wench ig advanced on a giope pararies to the hanging wall by slash- 
ing (slicing or slabbing), keeving about 10 feet ahead of the breast of the 
stope. The floor of the pene is about & feet below the, hanging wall. Hori- 
zcntal blast holes 20 feet -in length are used in slashing, which may start 
et either side of the stove. - The Dueaea on these holes is 3 feet. The verti- 
" cal interval _ about 3 feet. 


“A safety ainda is installed elong the well] of the Enel by attaching it 
to eye bolts set at waist height on 15-foot intervals. The miners! safety 
belts are attached to the chain by means of a short rope tied to a ring, 
vhich slides along the chain. The chein also serves as a handrail. 


A ioneie inde Daceioe pillar about 15 fect bien os left at 150 feet 
on the incline above the heul see level. 


Blasting in diamond-drill holes is with 60-percent, high-velocity 
gelatin in 1-1/8- by 8-inch cartridges fired with detonating fuse. Larger- 
diameter cartridges arc impracticable in EX down holes drilled in wet ground. 
“hen conditions permit, space blasting is employed, using 8-inch wooden 
syacers. Diamond-drill stones are blasted once in two to six shifts, or not 
Bush eenonce than twice per weck. 


| A ‘nein’ aauie in 3-foct sections is used for charging the holes. 
“These sections are bored for 3 inches at each end along their longitudinal 
"axes and grooved throughout the intervening length. The holes are 5/16 inch 
in diameter, | The sections are threaded on a No. 10 sash cord to form the 
length required, Ablow pipe-of 1/2-inch pipe is sectionalized in 3-foot 

' lengths,. both ends of which. are. threaded. The sections. are connected by 
couplings. to forn Arca Janeth necessary for cleaning the dlast hole. 
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gelatin. The 5- ‘by’ ordeal cartridges are aut into 6 to & pieces, as 
required. 
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Diamond Percere atten: was oben in July igus ; produces F5 pereent 
cf the total mine tonnage, or 93 percent cf the stcping ore. This method 
is used in sublevel stoping and is se tae rages for tne extraction of beth 
longitudinal and transverse pillars, In the near future, the entire mine 
output, excTusiye of ore from development, will be ciamond—drilled. 


All cpiiiae is by ‘company-pwned frills, with neneee to miners ona 
basis of cars of ore produced but with a guaranteed hourly rate. . This 
method was adopted recently instead of payment for.the foctage of hole 
drilled, yen eareh es Core uenenee in unnecessary eorees 


The ne ere hard end blocky ,: ve proved to be good 
drilling, and no holes have been lost, even though drilling water is often 
lost through fractures in the ore, which probably accounts for high carbon 
cost. Owing to the nature of the ore, when several rows of holes are drilled 
the first row blasted usually blocks some of the ‘holes in the adjacent row. 
Consequently, holes can. ee be drilled much in advance cf actual blasting 
requirements. on 


It fexsaeier te train operators for dizmond drills for blast—hcle 
drilling than for percussion drills. lien who, among other things, have 
demonstrated their ability to take good care of their equivment are selected 
from the mine crew to operate diamond drills. Intelligent workmen, even 
though inexperienced.in mining, can leam in a few shifts how to cperate 
diamond drills for blast-hole drilling. At "Mine B," men who are proficient 
in operating diamond drills prefer them to- percussion drills. 


Noise from exhaust air can be reduced by a muffler, but because the 
exhaust air freezes, most machines pre run without mufflers. At "Mine 3," 
an efter-cooler is being instelled at the compressor, so that with drier. 
compressed air the exhaust should have less tencency to freeze,.and the 
use of mitiers sponte become practicable. 


EQUIPMENT 


seven outfits for dianond-arilling blast. holes are on hand, the total 
cost of whi ch was ‘$22, S67. 


Details of the inventory of this ecaionent follow: 


ae 7 7 Bo Value (Jan. 1946) 


1. Diamond drills O07 75.6 a<~0s0 Seis Secaes ease ease se ms 250 
i P=toot core barrels @. 66 iuntscesositesieeweseusec:. 2; Zk 

2 .5-foot core barrels G-$18.50 -sssccesecsvcccccecces 37 
1,200 2-foot drill rods $1.50 per foot wecceseeceeeeeses 1,800. 

4 Water swivels @ G20 ..cvegeedecvrosscovarrescerees. | &O 

2 Reamers @ $U5 ..rereeccerecercescresscssenresnccces | 50 

W Heed crews 6 $25. cn os cei scuwactese sad etewwcuwe ces —1000=—, 
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pe tem a : - 4 Value (Jan, 1946) 
4 Feed nuts @ $25 aisle a ove marine nan aici puietre nei 100 
150 EX diamond bits © $8 .....ceccsccreecccccencesues 12,600 
14 Adapters @ $5.50 Biase cia aie Shouse tecais ia ema site 77 
7 ~=Duplex air-operated circulating pumps, 3" x 2" x 4 
Or pCO! seuueodenescaieaie tne sauiadaeemeses eats 700 
7 Twin-screw colums with clamp and saddle @ $142 .. go 
TU. Bishines’O 5 3.50 wesssweny cession a wsices waeiws Salsas 4g - 
1 Pneumatic rod puller DeGuise eee ecweeee hanes 100 
7 ‘tne oilers with 12-foot oil-resisting hose @ $20 — 140 
7 Miscellaneous gpzre a @ G5O ecccecinccossvecs 350 © 
350 Foot l-inchair hose G $0.40 Soeseeeseaeessetoneess 10. 
350 Foot 1/2-inchwater hose for drilis @ 0. 25 veceeee °° BB 
350 Foot ee water hose for eee = 25 Soeeace 8g 
. , | | 22,867 


Two makes of drill machines are used, which have the following» 
specifications: 


Item — | ea Drill A Drill B 
Air motor? | | oa 
TYPE scccesccesccccerscrens Stee iessewaeee. oROvarY Re tary 
Horsepower at 80 pounds air pressure ee-.eee 5 10 
- Feed: , , | 
TYVDC .c ciee whee eee wsetaveredissqteuwesseee —Serow Screw 
Run (length, in inches) crccccectecsvevcers 7) e-7 | 


Revolutions per inch of bit advance .....+. 100-800 100-1200 


Bit speed (range, repems) cccescccesecereese  C-1500 60-3300 


Weight of drill (pounds) Tre ceT Cee Te ee ee ee 160 155 


-, 
© 8 8 @ 
o + we, 


Capacity (Rx rods, a Ree 500 F500 


OCR aerate hs a ak 


fe bits are set. with diamonds cairns 13 carats of the $o (May 1946) 
grade, whose value is $78. The setting charge. at-the factory is $6 per hit, 
which makes the inaximum total’ cost of a new. bit $84. ut bits are noncoring, 
of the pilot tyne. 


eo @ ete a yg 


ee method of shi pment. As a eenute, it has Serra the nuaber of bits 
that otherwise would bé required ‘for:stock. .. 


- SET-UP 

The diamond—-@rill machines are clamped directly to columns 6 to 10 feet 
long made from 3-inch extra-heavy pipe, tne outside diameter of which is 3.5 
inches, All columns are twin-screw, which provide greater. rigidity than the 
single screwe In some instances the column is used as a horizontal bar. 
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In sublevel stoving an engineer with a transit marks tne drill-rings 
by; — a plug in each wall. of, the. subdlevel’ dri ft. sence eae pro- 
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barrel is 2 feet,’ As the.core: bases ce the adaoter petecen, the rod 
and the bit anc maintains the _alinement of the hole, it is used with non- 
coring bits. This’ core barrel has. bard facing for a length of about 3 
inches on each énd te resist Weare: 

All drilling {sg by atantacd EX aaet bits with a sintered tungsten 
matrix, of the pilot or noncoring types which Eee 2a hole 1.5 PCOS 
in diameter. fae 


The air pressure is 100 pounds per square incn at the comoressor. 
llinimum water pressure underground is 110 pounds per square inch. - 


RESULTS OF DIAUOND. DRILLING: "°°" 


At “Mine ‘8," cost records for 28,0h2 oe of aera we re available. 
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1946 

LGM. . >.4.anees ee? i a ' Jan. Feb. liare 

Working days at "Mine BT Joie. cc cece eee cceereeeeee 2O |. GY. .° 26 
Feet of blast holes diamond—-drilled, wecrseccseseeees 11,505 10,325 8,286 

Diamond-drill machine shifts sec ee cere erecesrecces 168 160 140 
Feet drilled per diamond drill, machine shiftl/ .... 63.0 2/645 2/590 

Feet drilled, per Dit esseseccessccesectiveeectecers Lil 114 109 

Peet drilled ver 2 nours siayevsces dee cetvecwscaees GUD 4302 331 
_ Average diamond-drill machine~shifts per 8 hours ... Re 25 ris, 2.7 


Total long tons of ore broken cesssscccccevceccccses 10,(03 17,485 18,000 
Long tons of ore broken ver diamond-drill nachine- 

SHi ft: gee csesepesteteesasecsing seeeesereeetsaesaees, LOO. (2/109. -27128 
Long tons broken per pound of dynamite in prinary | eS 


blasting TETE RC TET CEE Ce CT Ce eee ee -~ a Cwe 
Long tons ee per pound of dynamite in secondary 
blastin ng | (hroaking boidera) ord biete eee Sb alee a Be eee = = lw s) 


l/ Diaaon3-c rill crew rigs up drill, clears holes with blow pine, charges 
dynan'ie2, aya lays the detonating fuse, and connects: the circuit for 
electric ricviag of the detonating fuse. © 

2/, On February il, 1946, the system of pay to miners WAS aisaven fron 
the basis of footage drilled-to cars of ore “produced. 
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PERCUSSION DRILLING 


Comparative data on percussion drilling and diamond drilling could not 
be obtained, because virtually all stove drilling has been with diamond 
drills.. Percussion: eee was done in cove Loom 1 headings and in stope 
drenaration. , . - 


All percussion drilling is by means of detachable bits and l-inch 
quarter-octagon rods. The powder used in development headings is 60 per-— 
cent semigelatin dynamite detonated by delay-action electric caps. Con- 
siderable difficulty in removing sludge’ and cuttings in-ore has been ex- 
perienced with hand-held sinker drills when ee oe holes more than 
5 feet deep. pe Sees sea 

Automatic, rotating stoner drills are used in all raises and sublevel 
drifts. In order to support the tailpiecé while drilling a drift heading, 
a 2-inch plank is blocked across the sublevel drift at 7 feet from the 
breast. With this set-up, a stoper can drill all the holes in the round. 
Some miners can a ‘two: epee: in the heading” similtencously. 


The purchase: apes or. a’ mounted drifter. aril! with accessories for use 
in sublevel stoping is neers aE : 


Drifter vith: automat: €  2oed Se eee $540 


1 

1 Twin-screw colum, complete with arm and clamp eeveseesssseeeee 142 

3 Sets l~inch quarter octagon Grill rods (10 feet max. length) . 180 
BOO: Dei tl. Bi te ©) $06.50: 6s creswiecs ncwie cis we one ss ONeee Geena causes 150 
50 Feet 1/2-inch water hose @ $0. 25 per Loot ceswsesecsevcecessess 12 
FO Feet l-inch air hose © 50. ho per foot SebicWuie ess soe a cate hedatres 20 

1 Line oiler with oil- -~résisting hose Ste seeeeriseeieseeveeeeseres 20 

pee. 1,06 


This equipment is exclusive of that required in the drill-sharpening 
shove 


ADVAITAGES AND DISADVANTAGES OF DIALOND DRILLIUG BLAST HOLES AT "MINE B" 
The advantages of diamond-drilling blast holes at "iline B" are: 


le. Greater safety to the miner because he always drills from a set-un 
Close to the back, which is thus under constant observation. 


2. Gre:ter safety to the scraper operator because tail blocks for the 
scraper are anchored to the wall of the bench, which obviates the 
hazerd of placing the blocks at the foot of the slope of the bench 
in the open stope. 

3. Additional ore can be recovered safely with diamond drills, not 
only from pillars but also from open stoves. 
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4. In the bench method of sublevel stoping, at least one-half the 
suodlevel develowment footage is eliminated. ~ ' 

5. Primary blasting is reduced from once each shift to once. in two 
to six shifts. i 


6. Dust from aes is virtually eliminated. 


{- Operators. can. be emaineas more easily £6r diamond drills than for 
percussion se ks : | 


| No serious AGapaqantaces have been found in diamond-drilling blast 
holes at Eastern unenoes tS udne B," 


| One problen in Aeuead seridine qkat arose from the <cumneniageis 
small number of diamond drills in.service was how to carry extra drill 
operators to substitute for absentees, as it was difficult to find suitable 
work for them when not engaged in drilling. The greater bit cost per foot 
of diamond drilling was more than compensated by greater safety to the 
workman, by greater efficicncey in blasting, - by less development, and by 
other advantages. 


_ CONCLUSIONS » 


A difficult mining problen at "ine. BY. has been 5 solved by dianmornd- 
drilling blast holes, vhich has, nade eggs ie safe, extraction of the 
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